Summary &horbar; Six non-anaesthetized Large White pigs (mean body weight 59 ± 1.7 kg) were fitted with permanent catheters in the portal vein, the brachiocephalic artery and the right hepatic vein and with electromagnetic flow probes around the portal vein and the hepatic artery. The animals were provided a basal none-fibre diet (diet A) alone or together with 6% guar gum (diet B) or 15% purified cellulose (diet C). The diets were given for 1 week and according to a replicated 3 x 3 latin-square design. On the last day of each adaptation period test meals of 800 g were given prior to blood sampling. The sampling was continued for 8 h. Guar gum strongly reduced the glucose absorption as well as the insulin, gastric inhibitory polypeptide (GIP) and insulin-like growth factor-1 (IGF-1) production. However, the reduction in peripheral blood insulin levels caused by guar gum was not associated with a change in hepatic insulin extraction. IGF-1 appeared to be strongly produced by the gut. The liver had a net uptake of the peptide. Ingestion of guar gum increased the hepatic extraction coefficient of gut produced IGF-1. Guar gum ingestion also appeared to decrease pancreatic glucagon secretion. Cellulose at the level consumed had very little effect on the parameters considered. It is suggested that the modulation of intestinal mechanisms by guar gum was sufficient to mediate the latter internal metabolic effects. 
or 15% purified cellulose (diet C). The diets were given for 1 week and according to a replicated 3 x 3 latin-square design.
On the last day of each adaptation period test meals of 800 g were given prior to blood sampling. The sampling was continued for 8 h. Guar gum strongly reduced the glucose absorption as well as the insulin, gastric inhibitory polypeptide (GIP) and insulin-like growth factor-1 (IGF-1) production. However, the reduction in peripheral blood insulin levels caused by guar gum was not associated with a change in hepatic insulin extraction. IGF-1 appeared to be strongly produced by the gut. The liver had a net uptake of the peptide. Ingestion of guar gum increased the hepatic extraction coefficient of gut produced IGF-1. Guar gum ingestion also appeared to decrease pancreatic glucagon secretion. Cellulose at the level consumed had very little effect on the parameters considered. It is suggested that the modulation of intestinal mechanisms by guar gum was sufficient to mediate the latter internal metabolic effects. Heaton, 1983; Johnson, 1990 (Hagander et al, 1984; Gulliford et al, 1988; R6m6sy and Demigne, 1989).
Guar gum has been shown to reduce glucose, insulin and gastric inhibitory polypeptide (GIP) plasma concentrations in man (Morgan et al, 1979; Gulliford et al, 1988) and to have no effect on glucagon plasma concentrations (Gulliford et al, 1988) . Nothing is known about the effects of guar gum ingestion on the insulin-like growth factor-1 (IGF-1) level of secretion, which is dependent on nutritional status (Buonomo and Baile, 1991 ) . We have recently studied the effects of wheat straw meal and guar gum on pig porto-arterial differences in amino-nitrogen, urea, glucose and insulin levels (Malmlbf et al, 1988 (Malmlbf et al, , 1989 The nature of the test meal did not affect the blood flow-rate patterns. However, the ingestion of the meal was accompanied by an increase in the total hepatic blood flow. This increase appeared to be due to an increase in the portal flow. For all the animals and all the experiments the mean total hepatic blood flow rate was 3 242 ± 48 ml/min (55 ± 0.8 ml/kg/min) and the arterial supply constituted on average 20% of the total blood received by the organ.
The absorbed quantities of glucose were the highest for diet A and the lowest for guar gum diet (table II) . The pattern of absorption was almost the same for the 3 diets with the largest absorption rates from the 2nd to the 5th h after the beginning of the meal (fig 1 The hepatic uptake of glucose was the highest after A and the lowest and equal for both B and C. The glucose hepatic uptake pattern followed that of absorption and represented 41 %, 43% and 31% of the absorbed quantities respectively for A, B and C. The mean hepatic extraction rate was = 8%. Thus, the glucose reaching the peripheral circulation constituted 59% of that absorbed for diet A, 57% for diet B and 69% for diet C.
There were no differences between the diets in lactic acid absorption and hepatic uptake (table II) .
Insulin, GIP, glucagon and IGF 1
The lowest mean production of insulin was observed after ingestion of guar gum diet (table 111) . This production represented only 70% of that noted after ingestion of the fibre-free diet and 80% of that obtained for the cellulose diet. Moreover, after intake of diet A and C the insulin produced during the first postprandial hour constituted respectively 29 and 35% of the hormone secreted in 8 h whilst after ingestion of guar gum diet the first-hour insulin production only constituted 17% of the total measured hormone (fig 2) . The kinetic profiles of hepatic uptake of insulin reflected those of production. The hepatic extraction coefficients of the insulin produced were always > 50%. The lowest hepatic extraction coefficients of insulin were noted for the cellulose diet.
The lowest mean production and hepatic balance of glucagon were observed after ingestion of diet B (table III) . This production represented only 46% of that measured after ingestion of diet C and 59% of that noted for diet A. No significant difference in kinetic profile of glucagon production and hepatic extraction coefficient appeared between the 3 diets.
Ingestion of guar gum strongly reduced GIP secretion (table 111) . GIP produced after guar gum ingestion represented 45% of that obtained after diet A and 56% of that measured after C feeding. The kinetic profile of the secretion was not the same for all diets. Thus, GIP production after ingestion of diet A was biphasic with maxima during the first and the 6th-7th h after feeding; that noted after diet B was rather small and uniform during the first 6 h after the meal, whilst the secretion observed after diet C was the highest during the 2nd, 3rd and 4th postprandial hours. The hepatic extraction coefficient of GIP was significantly higher after ingestion of guar gum diet than after those of the fibre-free or cellulose diets.
The gut secretion of IGF-1 was lowest after ingestion of guar gum (table LV) . Whatever the ingested diet, the hourly IGF-1 gut secretion was quite constant and uniform during the 8 h of observation (fig 3) . No influence of the meal intake was thus observed on the level of IGF-1 gut secretion. The liver was responsible for a net uptake of the circulating IGF-1.
The hepatic extraction coefficients of IGF-1 were the highest after ingestion of guar gum diet, the difference being significant for the hepatic extraction coefficient of circulating peptide.
DISCUSSION
The effects of fibre on postprandial blood glucose and insulin levels have often been investigated, but little is known about the effects of fibre either on the release of other splanchnic hormones, and on the mechanisms of these effects; or regarding their effects on the hepatic metabolism of nutrients and hormones. The latter were the main aim of the present study.
Ingestion of guar gum strongly reduced glucose absorption. Decreased glucose absorption was also observed in man after ingestion of guar gum (Gulliford et al, 1988; Torsdottir et al, 1989) . Diminished glucose absorption after addition of guar gum to the diet has been attributed to a delayed gastric emptying (Holt et al, 1979) but the correlation between gastric emptying and the postprandial absorption has been found to be controversial (Blackburn et al, 1984) . Therefore, the slower absorption of glucose induced by guar gum does not seem to be explained by delayed gastric emptying, but rather supports the theory of a slower digestion or absorption (Hagander et al, 1984) . The importance of viscosity with regard to the physiological effects of guar gum has been reported to be fundamental (Rainbird and Low, 1986; Torsdottir et al, 1989; Cherbut et al, 1990) . Thus, the effect of guar gum on glucose absorption disappeared when the fibre's property of increasing viscosity of the meal was destroyed by hydrolysis or processing of the guar gum (Jenkins et al, 1978; Torsdottir et al, 1989) . Moreover, the decreased starch hydrolysis in the small intestine induced by viscous dietary fibre which limits further steps of carbohydrate digestion and absorption appears to be quite important in the mechanisms of action of viscous fibre such as guar gum (isaksson et al, 1982; Hamberg et al, 1989) .
The absorbed glucose was primarily extracted by the liver, confirming that there was a direct uptake of glucose by the liver during postabsorptive hyperglycaemia (Barrett et al, 1986; Sim6es Nunes et al, 1989) . The hepatic glucose uptake rate was not modified by the ingestion of guar gum or cellulose. This suggested that the influence of guar gum on glucose metabolism took place principally at the luminal level.
Cellulose at the level used in this study did not influence the glucose absorption rate and kinetic profile of absorption. The weak capacity of cellulose in reducing glucose absorption was also demonstrated in man (Jenkins et al, 1983) , as well as its lack of effect on the digestion and intestinal absorption of lipids in the rat (Borel et al, 1989) whilst guar gum also reduced lipidic absorption (Turner et al, 1990 ; Girard-Globa et al, unpublished results).
Additionally the insulin (Malml6f et al, 1989) and GIP responses were flattened after guar gum supplemented diet while cellulose failed to change their production.
Decreased insulin and GIP secretions were also observed in man after guar gum ingestion (Morgan et al, 1979; Gulliford et al, 1988) . Carbohydrate in the upper gastrointestinal tract stimulates GIP release.
Thus, a reduced GIP response to a given meal indicated a reduced concentration of glucose for absorption in the upper part of the gut. The reduced insulin release after guar gum ingestion appeared to be mainly due to the lower glucose and to the low secretion of GIP. Guar gum intake also reduced insulinotropic amino acid absorption (Sim6es Nunes and Malmlbf, 1991 However, the lower insulin plasma concentrations observed after guar gum diet were not found to be associated with a change in hepatic insulin extraction. Guar gum ingestion appeared to decrease the glucagon secretion. Such an effect was not observed in man by Gulliford et al (1988) .
The present work also confirmed that the hepatic extraction coefficient of insulin was higher than that of glucagon (Ishida et al, 1983; .
From our results it appeared that IGF-1 was largely produced by the gastrointestinal tissues and thus may play important role in gut tissue growth and enterocyte renewal. Another unsuspected finding was that the liver had a net uptake of circulating IGF-1, suggesting that most of the plasma IGF-1 was of non-hepatic origin, yet again raising the question of the autocrine/ paracrine or endocrine action of IGF-1 (Daughaday and Rotwein, 1989) . Nevertheless, the possible different protein binding capacities of IGF-1 as regards hepatic, arterial and portal blood should also be considered even if every precaution as indicated by Daughaday and Rotwein (1989) , has been taken in the sample preparation for IGF-1 radioimmunoassay. The lower IGF-1 plasma concentrations and splanchnic production after ingestion of guar gum was in agreement with the sensitivity of IGF-1 secretion level to the nutritional status observed in man, calf, rat and pig (Prewett et al, 1982; Isley et al, 1983; Coxam et al, 1989; Buonomo and Baile, 1991 Moreover, it was the result of the previous adaptation to guar gum diet and not an acute effect.
In conclusion, our results demonstrated that guar gum strongly inhibited the in vivo absorption of glucose as well as the production of insulin and GIP without changing the hepatic extraction coefficients of these nutrient and hormones. The latter demonstration suggested that the intestinal mechanisms of action of guar gum were sufficient to regulate the latter metabolic effects. These observations could be of interest when dealing with human diet manipulations in certain nutrional pathological states. Furthermore, we have shown that the gut is a net producer of IGF-1 and that the liver has a net uptake of this peptide.
